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Abstract: The aim of this prospective descriptive study was to characterize the variations of the clinical 
effective lens position (ELP) (considering paraxial optics and postoperative data) and the intraocular 
lens (IOL) position, using “eye” data gathered from a 6-month follow-up of patients who underwent 
uneventful cataract surgery. Patients were implanted with two different monofocal IOLs: AcrySof IQ 
SN60WF (Alcon) (Group 1, 247 eyes) and Akreos MI60L (Bausch & Lomb) (Group 2, 104 eyes). No 
significant differences were found between groups concerning spherical equivalent (SE), axial length, 
and clinical ELP changes, from 1 to 6 months after surgery (p ≥ 0.516). A more positive change in 
postoperative anterior chamber depth was found in Group 2, but the difference did not reach statistical 
significance (p = 0.065). No significant moderate to strong correlations were found between the 
changes in clinical ELP and preoperative data. The correlation between the changes in SE and clinical 
ELP over time was strong and statistically significant (groups 1 and 2: r = 0.957 and r = 0.993, p < 0.001). 
In conclusion, changes in refraction from 1 to 6 months after cataract surgery, with single-piece mon-
ofocal IOLs, are not clinically relevant, which correlates with the presence of good positional stability. 
These changes cannot be predicted preoperatively and considered in IOL power calculations. 




The world population is aging, and as a result, age-related cataracts have become a 
major cause of blindness worldwide [1]. Hence, cataract surgery has become the most prac-
ticed ophthalmological procedure in the world, with higher refractive expectations of pa-
tients and surgeons [2]. Although there have been advances in cataract surgery, only a frac-
tion of patients achieve emmetropia (spherical equivalent between −0.50 and +0.50 D and 
astigmatism below 1.0 D) [3]. Patient dissatisfaction after cataract surgery, due to the pres-
ence of residual refractive error, could be attributed to specific factors, including inadequate 
calculation and selection of the intraocular lens (IOL) power, inaccurate estimation of the 
effective lens position (ELP), and anatomical changes that occur with surgery, affecting the 
predictability of the IOL power formulae [4]. 
Previous studies have demonstrated that uncomplicated cataract surgery induces 
significant modifications of several anatomical dimensions of the eye [4]. For example, 
several authors have reported a significant increase of the anterior chamber depth (ACD) 
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after surgery, as well as widening of the iridocorneal angle [5–7]. These anatomical mod-
ifications could produce errors in ELP prediction, accounting for 22% to 38% of the total 
refractive prediction error [8]. Specifically, one “forward movement” of the IOL from the 
predicted position, according to ELP estimation, causes a myopic shift, whereas a back-
ward displacement of the IOL results in residual hyperopia [9]. Several authors have in-
vestigated more accurate approaches for estimating ELP [10–16]. The influence of optic-
haptic angulation in IOL positioning was shown to be significantly greater (with more 
variables) than edge design [16]. Likewise, the use of intraoperative ACD measurements 
for the estimation of ELP has shown promising results, better predicting the postoperative 
position of open loop IOLs and plate-haptic IOLs than preoperative ACD measurements 
[11–13]. 
Once implanted into the capsular bag, most IOLs experience linear forward move-
ments during the first postoperative week followed by relatively stable IOL positions [14]. 
However, changes in IOL positions have been reported at longer terms, limiting the pre-
dictability of the refractive correction achieved [17–19]. Wirtitsch et al. [18] found that sin-
gle-piece IOLs shifted significantly less postoperatively than multipiece IOLs, with a shift 
forward, particularly from 1 day to 1 month after surgery. Koeppl and colleagues [17] 
reported a decrease in ACD during the first postoperative week followed by a small in-
crease in ACD during the first 6 months in eyes implanted with angulated 3-piece acrylic 
IOLs. Likewise, the largest change in the IOL position was shown to occur in long eyes, 
with the IOL moving back from the iris [17]. However, Klijn et al. [20] concluded in a 
prospective cohort study that long-term changes in refraction after cataract surgery re-
sulted from natural fluctuations in corneal curvature rather than from IOL position shift. 
The purpose of the current study was to characterize the variations of ELP and IOL 
positions measured with a biometry device, validated for this purpose [21] during a 6-
month follow-up of the eyes of patients who underwent uneventful cataract surgery, and 
who were implanted with two different types of monofocal IOLs. We also investigated 
the relationship with residual refraction and if it could be accurately predicted from pre-
operative data. 
2. Materials and Methods 
2.1. Patients 
This was a prospective, descriptive, single-center study compromising cataract pa-
tients who had undergone phacoemulsification with implantation of two different mon-
ofocal IOLs in a public hospital. Patients were recruited from January 2017 to March 2019 
at the anterior segment consultation of Marina Baixa Hospital in Villajoyosa (Alicante, 
Spain). The research was conducted according to the tenets of the Declaration of Helsinki; 
written informed consent was obtained from all patients. The study was approved by the 
Ethics Committee of the University of Alicante. 
Inclusion criteria were patients above 18 years of age, with visually significant cata-
racts, who underwent elective phacoemulsification surgery, and who completed a 6-
month follow-up. Exclusion criteria were active ocular pathologies, previous corneal re-
fractive surgery, corneal scars, and intraoperative complications that might have altered 
the stability of the IOL (capsule rupture, IOL implantation, other than “in-the-bag”, zon-
ulodialysis, etc.). Only one eye per patient was included in the study to avoid a potentially 
significant level of bias from introducing data from the fellow eye of each subject, which 
is normally correlated. In cases of monocularly cataract surgery, the data of this eye was 
included. In cases of bilateral cataract surgery, one eye was selected randomly to be in-
cluded in the study. 
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2.2. Ocular Examination and Follow-Up 
A complete ocular examination was performed in each case within a period of two-
months prior to cataract surgery. The following data from this baseline visit were col-
lected: age, gender, central corneal thickness, Goldman intraocular pressure (IOP), sub-
jective manifest refraction, ocular significant findings in the slit lamp examination and 
dilated fundoscopy, and optical biometric parameters using the Aladdin system (Topcon, 
Japan), which is an optical biometer and topography system combining low-coherence 
interferometry (super luminescent diode of 850 nm) and Placido disc topography (24 Plac-
ido rings, 6200 points covering up to 9.8 mm of cornea) to obtain a series of anatomical 
measurements, including axial length (AXL), ACD, pupillometry, white-to-white corneal 
diameter, lens thickness (LT), and anterior corneal curvature. 
After surgery, all patients were evaluated the day after surgery and at 1 week, 1 
month, and 6 months postoperatively. Visual acuity, subjective and objective refraction, 
anterior and posterior segment findings on slit lamp examination, and pseudophakic bi-
ometric data were obtained in all patients at 1 and 6 months after surgery. Only pseudo-
phakic AXL and ACD measurements were collected during the follow-up considering 
that they have been to be consistent enough for research purposes [21]. It should be con-
sidered that an extremely poor consistency of the pseudophakic lens thickness measure-
ments provided by the biometry device used in the current study was previously docu-
mented [21]. A single experienced examiner (HFM) performed all biometric measure-
ments of the study during the morning period, between 8:30 a.m. and 3:00 p.m. In all cases, 
postoperative biometric measures were obtained using the pseudophakic (acrylic) mode 
of the software of the Aladdin system. Postoperative measurement of manifest refraction 
was performed in all cases by the same experienced examiner (HFM) in the same exami-
nation room, under illumination conditions simulating photopic vision. Uncorrected and 
corrected distance visual acuity was measured in all cases at 6 m. It should be noted that 
a manifest refraction was performed postoperatively to all patients, including those 
achieving uncorrected distance visual acuity of 0.00 logMAR. 
2.3. Surgical Technique 
On the day of surgery, the same mydriatic agents (cyclopentolate 1.0% and phe-
nylephrine 10.0%) were used for pupil dilation in all cases. All patients had an antisepsis 
of the ocular surface before initiating the surgical procedure following the European 
guidelines. All surgeries were performed by the same surgeon (HFM) using topical or 
peribulbar anesthesia. Only one eye of each patient had surgery in each surgical session.  
The surgical procedure followed in all cases was composed of the following steps: 
creation of a 2.2-mm self-sealing clear corneal incision in the superior quadrant with a 
dual-beveled slit knife (Intrepid, Alcon Surgical, Inc., Fort Worth, TX, USA), manual com-
pletion of a centered continuous curvilinear capsulorhexis of 5 mm approximately, use of 
the chop technique for the removal of the nucleus using a 30-degree balanced tip with the 
Centurion phacoemulsification system (Alcon Surgical, Inc., Fort Worth, TX, USA), soft 
lens matter removal with a micro-coaxial irrigation/aspiration technique, and implanta-
tion of one of the two foldable acrylic IOLs of the study into the capsular bag. 
Postoperatively, patients were given topical antibiotics for one week and topical ster-
oids for 5 weeks. 
2.4. Intraocular Lenses 
One of the IOLs used in the current study was the MI60L Akreos MICS (Bausch & 
Lomb, Bridgewater, NJ, USA), which is a hydrophilic acrylic IOL (refractive index: 1.458) 
containing UV blocker. It has an aspheric optic and an overall diameter of 10.7 mm. An 
A-constant of 119.1 was defined by the manufacturer for this IOL. The other IOL used was 
the AcrySof SN60WF IQ (Alcon, Fort Worth, TX, USA), which is a hydrophobic IOL made 
of an acrylate/methacrylate copolymer (refractive index: 1.55) and contains a UV-blue 
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light filter. It has an overall diameter of 13.0 mm and a biconvex-aspheric optic of 6.0 mm 
of diameter. An A-constant of 118.7 was defined by the manufacturer for this IOL. 
The study was conducted in a public hospital; a random selection of the IOLs to be 
implanted was not possible. For this reason, selecting the IOLs (to be implanted) de-
pended on the availability of one or another IOL design in the hospital inventory. Like-
wise, patients with significant levels of preoperative astigmatism were included in the 
current sample, in which a Toric IOL model would have been widely recommended. 
However, implanting Toric IOL models was not possible in the hospital due to public 
health restrictions. 
2.5. Optical Calculations 
IOL power calculations were performed in all cases involved in the current study 
with the SRK-T formula [22]: 
𝐼𝑂𝐿 𝑝𝑜𝑤𝑒𝑟
=
1000𝑛ℎ 𝑛ℎ𝑟𝑐 −  𝑛𝑐 − 1 𝐴𝑋𝐿𝑎𝑑𝑗 − 0.001𝑆𝐸𝑡𝑎𝑟𝑔𝑒𝑡 (12 𝑛ℎ𝑟𝑐 −  𝑛𝑐 − 1 𝐴𝑋𝐿𝑎𝑑𝑗  + 𝐴𝑋𝐿𝑎𝑑𝑗 𝑟𝑐 




where nh is the refractive index of intraocular media (1.336), rc is the radius of curvature of 
the anterior corneal surface, nc is the refractive index of the cornea (1.333), AXLadj the ad-
justed axial length considering that is measured with optical biometry (AXL + 0.65696 − 
0.02029AXL), SEtarget the spherical equivalent target, and ELPSRK-T the effective lens position. 
The ELP was first estimated considering the equation recommended by the SRK-T 
formula to estimate ELP (ELPSRK-T) [22]: 
𝐸𝐿𝑃𝑆𝑅𝐾−𝑇  =  𝐻 + 𝑂𝑓𝑓𝑠𝑒𝑡, (2) 
where H is corneal height in mm and Offset is the offset for the specific IOL to be im-
planted.  
The real or clinical postoperative ELP (ELPclinical) was obtained by including the real 
postoperative spherical equivalent (SEpost) and the IOL power implanted in the equation 
of the SRK-T formula. This value of ELP explains the real refractive error measured at 1 
and 6 months after surgery, considering the IOL implanted and its optical power. The 
equation to obtain ELPclinical is as follows: 
𝐸𝐿𝑃𝑐𝑙𝑖𝑛𝑖𝑐𝑎𝑙  =  1000 (
1
2𝐼𝑂𝐿𝑝𝑜𝑤𝑒𝑟 𝐾 + 𝑆𝐸𝑝𝑜𝑠𝑡 
)(𝑛ℎ𝐾 + 𝑛ℎ𝐼𝑂𝐿𝑝𝑜𝑤𝑒𝑟 + 0.001𝐴𝑋𝐿𝑎𝑑𝑗𝐾𝐼𝑂𝐿𝑝𝑜𝑤𝑒𝑟 − 𝑛ℎ𝐾
+ 𝑛ℎ𝑆𝐸𝑝𝑜𝑠𝑡 + 0.001𝐴𝑋𝐿𝑎𝑑𝑗𝐼𝑂𝐿𝑝𝑜𝑤𝑒𝑟𝑆𝐸𝑝𝑜𝑠𝑡 − 𝑛ℎ𝑆𝐸𝑝𝑜𝑠𝑡
− (−4𝑛ℎ𝐼𝑂𝐿𝑝𝑜𝑤𝑒𝑟 𝐾 + 𝑆𝐸𝑝𝑜𝑠𝑡 (−𝑛ℎ + 0.001𝐴𝑋𝐿𝑎𝑑𝑗 𝐾 + 𝐼𝑂𝐿𝑝𝑜𝑤𝑒𝑟 + 𝑆𝐸𝑝𝑜𝑠𝑡 )






2.6. Statistical Analysis 
Statistical analyses were performed with a commercially available software package 
(SPSS for Windows, version 20.0; IBM Corporation, Armonk, NY, USA). Normality of all 
data distributions was confirmed first, by means of the Kolmogorov–Smirnov test. The 
unpaired Student t test was used to analyze the differences between the two IOL groups 
in preoperative and postoperative data, whereas the paired Student t test was used to 
assess the significance of differences between postoperative consecutive visits within each 
group. The Pearson correlation coefficient was used to analyze the strength of the rela-
tionship between the change in ELPclinical from 1 to 6 months after surgery and changes 
in spherical equivalent or ACD within each group.  
  




The sample comprised of 349 eyes (right/left eyes: 183/168) of 349 patients (male/fe-
male: 210/141) with a mean age of 73.4 years (standard deviation, SD: 7.0; range: 51 to 94 
years). A total of 247 eyes (70.4%) were implanted with the AcrySof SN60WF IQ IOL 
(Group 1) whereas 104 eyes (29.6%) were implanted with the MI60L Akreos IOL (Group 
2). Table 1 summarizes the main preoperative characteristics in both IOL groups. As 
shown, only statistically significant differences between groups were found preopera-
tively in ACD, with shorter values in Group 1 (p = 0.018). A total of 15 (15/247, 6.1%) and 
four eyes (4/104, 3.8%) had an AXL of more than 25 mm in Groups 1 and 2, respectively 
(p = 0.400). 
Table 1. Main preoperative characteristics in the two IOL groups of the current study: Group 1 
(including 247 eyes implanted with the AcrySof SN60WF IQ IOL) and Group 2 (including 104 eyes 
implanted with the MI60L Akreos IOL). 
Mean (SD)  
Range 
Group 1  
(247 Eyes) 




73.5 (6.4)  
51.0 to 86.0 
73.1 (8.4)  
59.0 to 94.0 
0.691 
Gender (male/female) 92/155 49/55 0.096 
Corneal endothelial density (cell/mm2) 
2302.5 (411.9)  
736.0 to 3543.0 
2362.9 (366.3)  
1587.0 to 3461.0 
0.571 
Central corneal thickness (m) 
541.5 (32.3)  
445.0 to 628.0 
544.9 (39.4)  
474.0 to 629.0 
0.465 
IOP (mm Hg) 
16.8 (3.5)  
10.0 to 29.0 
16.3 (3.6)  
9.0 to 25.0 
0.218 
Sphere (D) 
0.02 (3.43)  
−17.50 to 6.75 
0.26 (2.62)  
−8.25 to 4.75 
0.521 
Cylinder (D) 
−1.44 (1.05)  
−8.75 to −0.25 
−1.35 (1.01)  
−5.75 to 0.00 
0.423 
SE (D) 
−0.70 (3.53)  
−17.88 to 5.88 
−0.41 (2.61)  
−8.75 to 3.88 
0.464 
Axial length (mm) 
23.30 (1.13)  
20.59 to 27.65 
23.23 (0.90)  
21.40 to 25.66 
0.558 
ACD (mm) 
3.12 (0.36)  
2.24 to 3.99 
3.22 (0.37)  
2.09 to 3.96 
0.018 
Lens thickness (mm) 
4.67 (0.40)  
3.66 to 5.79 
4.61 (0.36)  
3.69 to 5.35 
0.183 
KM (D) 
44.12 (1.57)  
40.17 to 47.58 
44.09 (1.30)  
41.91 to 47.10 
0.873 
WTW (mm) 
11.55 (0.36)  
10.64 to 12.69 
11.58 (0.39)  
10.77 to 12.63 
0.463 
IOL power (D) 
21.52 (3.13)  
9.50 to 29.50 
22.05 (2.35)  
15.50 to 27.50 
0.120 
Predicted postoperative SE (D) 
−0.16 (0.18)  
−0.82 to 0.15 
−0.20 (0.16)  
−0.62 to 0.12 
0.056 
Abbreviations: SD, standard deviation; IOP, intraocular pressure; D, diopter; SE, spherical equiva-
lent; ACD, anterior chamber depth; KM, mean keratometry; WTW, white-to-white corneal diame-
ter; IOL, intraocular lens. 
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3.1. Postoperative Differences between IOL Groups 
Table 2 summarizes the postoperative outcomes in both IOL groups. As shown, sig-
nificant differences between groups were detected in the manifest sphere and the spheri-
cal equivalent (p < 0.001) at 1 and 6 months postoperatively. Likewise, postoperative ACD 
was significantly lower in Group 1 during the follow-up (p < 0.001), whereas ELPclinical was 
significantly larger in this group at 1 month (p = 0.025) and 6 months after surgery (p = 
0.010). In terms of visual acuity, no statistically significant differences were found among 
groups in logMAR CDVA at the end of the follow-up (Group 1 0.05 ± 0.40 vs. Group 2 0.09 
± 0.21, p = 0.118). 
Table 2. Main postoperative outcomes in the two IOL groups of the current study: Group 1 (includ-
ing 247 eyes implanted with the AcrySof SN60WF IQ IOL) and Group 2 (including 104 eyes im-
planted with the MI60L Akreos IOL). 
Mean (SD)  
Range 
1 Month Postoperative 6 Months Postoperative 
Group 1 Group 2 p-Value Group 1 Group 2 p-Value 
Sphere (D) 
0.64 (0.66)  
−2.00 to 2.50 
0.30 (0.74)  
−1.75 to 2.50 
<0.001 
0.70 (0.67)  
−1.75 to 2.87 
0.32 (0.73)  
−1.75 to 2.25 
<0.001 
Cylinder (D) 
−1.22 (0.71)  
−3.50 to 0.00 
−1.26 (0.84)  
−4.50 to 0.00 
0.674 
−1.23 (0.75)  
−3.75 to 0.00 
−1.22 (0.90)  
−4.62 to 0.00 
0.949 
SE (D) 
0.03 (0.57)  
−2.62 to 1.69 
−0.33 (0.63)  
−2.50 to 0.88 
<0.001 
0.08 (0.57)  
−2.50 to 1.56 
−0.30 (0.63)  
−2.56 to 1.62 
<0.001 
Axial length (mm) 
23.22 (1.13)  
20.55 to 27.52 
23.14 (0.91)  
21.34 to 25.48 
0.560 
23.22 (1.13)  
20.54 to 27.50 
23.13 (0.91)  
21.32 to 25.48 
0.422 
ACD (mm) 
4.61 (0.42)  
3.20 to 6.23 
5.36 (0.53)  
3.07 to 6.33 
<0.001 
4.57 (0.37)  
3.66 to 6.16 
5.45 (0.73)  
3.07 to 8.86 
<0.001 
ELPSRK-T (mm) 
Group 1 5.35 (0.48)  
4.55 to 8.36 
Group 2 5.30 (0.31)  
4.77 to 6.41 
0.268 
ELPclinical (mm) 
5.66 (0.59)  
4.23 to 9.65 
5.51 (0.52)  
4.12 to 6.63 
0.025 
5.69 (0.56)  
4.46 to 8.59 
5.53 (0.50)  
4.21 to 6.68 
0.010 
Abbreviations: SD, standard deviation; D, diopter; SE, spherical equivalent; ACD, anterior cham-
ber depth; IOL, intraocular lens; ELPSRK-T, effective lens position estimated considering the equa-
tion recommended by the SRK-T formula; ELPclinical, effective lens position obtained by including 
the real postoperative spherical equivalent and the IOL power implanted in the equation of the 
SRK-T formula. 
3.2. Changes in ACD and ELP over Time in Each Group 
Table 3 summarizes the changes in refraction and anatomical parameters from 1 
month to 6 months after surgery in the two IOL groups evaluated. As shown, no signifi-
cant differences were found among groups in the changes occurring in spherical equiva-
lent, axial length, and ELPclinical from 1 to 6 months after surgery (p ≥ 0.516). Furthermore, 
the change in postoperative ACD over time tended to be more positive in Group 2, alt-
hough the difference did not reach statistical significance (p = 0.065). 
In Group 1, changes in spherical equivalent (p = 0.005), ACD (p = 0.015), and ELPclinical (p = 
0.018) from 1 month to 6 months after surgery were statistically significant. In contrast, these 
changes were not statistically significant in Group 2 (spherical equivalent, p = 0.408; ACD, p = 
0.194; ELPclinical, p = 0.378). Concerning changes in axial length during the follow-up, they did 
not reach statistical significance in either IOL group (Group 1, p = 0.257; Group 2, p = 0.527). 
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Table 3. Changes in refractive and anatomical parameters during the postoperative follow-up (from 
1 to 6 months after surgery) in the two IOL groups of the current study: Group 1 (including 247 eyes 
implanted with the AcrySof SN60WF IQ IOL) and Group 2 (including 104 eyes implanted with the 
MI60L Akreos IOL). 
Mean (SD)  
Range 
Group 1  
(247 Eyes) 
Group 2  
(104 Eyes) 
p-Value 
Change axial length (mm) 
−0.003 (0.040)  
−0.18 to 0.16 
−0.007 (0.11)  
−0.95 to 0.21 
0.611 
Change ACD (mm) 
−0.05 (0.30)  
−0.94 to 1.60 
0.10 (0.63)  
−1.05 to 3.50 
0.065 
Change ELPclinical (mm) 
0.04 (0.24)  
−1.06 to 0.80 
0.02 (0.26)  
−0.54 to 0.78 
0.634 
Change SE (D) 
0.06 (0.31)  
−1.12 to 1.24 
0.03 (0.38)  
−0.82 to 1.06 
0.516 
Abbreviations: SD, standard deviation; D, diopter; SE, spherical equivalent; ACD, anterior cham-
ber depth; ELPclinical, effective lens position obtained by including the real postoperative spherical 
equivalent and the IOL power implanted in the equation of the SRK-T formula. 
3.3. Correlation between Anatomical and Refractive Changes during the Follow-Up  
in Each Group 
In both groups, the correlation between the change in spherical equivalent and 
ELPclinical over time was strong and statistically significant (Group 1: r = 0.957, p < 0.001; 
Group 2: r = 0.993, p < 0.001) (Figure 1). No significant correlation was found between the 
change in ELPclinical during the postoperative follow-up and the change in pseudophakic 
ACD (Group 1, r = 0.098, p = 0.032; Group 2, r = −0.071, p = 0.575). In Group 1, no significant 
correlations of the change in ELPclinical during the postoperative follow-up with preopera-
tive data were found (−0.085 ≤ r ≤ 0.106, p ≥ 0.234). In Group 2, only statistically significant 
correlations of the change in ELPclinical with preoperative IOP (r = 0.218, p = 0.029) and mean 
keratometry (r = −0.287, p = 0.003) were found, although they were weak. 




Figure 1. Scatter plot showing the relationship between the change in effective lens position ob-
tained by including the real postoperative spherical equivalent and the IOL power implanted in the 
equation of the SRK-T formula (ELPclinical) and the change in spherical equivalent (SE) during the 
postoperative follow-up in Groups 1 and 2. The adjusting lines to the data obtained by means of the 
least-squares fit are shown. 
4. Discussion 
One of the most important issues in cataract surgery is the correct determination of 
the optical power of the IOL to be implanted, especially in multifocal IOLs [23]. The IOL 
power is determined via mathematical formulas, primarily based on paraxial optics 
[24,25]. In clinical practice, biometry and topography devices provide consistent and reli-
able measurements of anatomical measurements that are necessary to calculate the IOL 
power to be implanted [26–28]. However, the effective lens position, defined as the effec-
tive distance from the anterior surface of the cornea to the lens plane, considering a lens 
of infinite thinness, is still one of the main sources of error in the IOL power calculation 
[29]. Norrby et al. [30] found that the estimation of ELP for the calculation of the IOL 
power contributes 20% to 40% toward postoperative residual refractive errors. It should 
be noted that ELP is not the exact anatomical position of the IOL into the capsular bag, 
and the different IOL power formulas use different variables to estimate the ELP. Besides 
potential errors of prediction of ELP [4–16], it might experience significant changes during 
the follow-up once the IOL is implanted [14,17–20]. The aim of the current study was to 
determine the variations of IOL positions and ELP, and their relationship with residual 
refraction during a 6-month follow-up, in a large sample of the eyes of patients who un-
derwent uneventful cataract surgery, with implantation of two different types of monofo-
cal IOL. 
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In the current study, a low-coherence interferometry biometer was used to measure 
the ACD postoperatively, which has been shown to provide consistent measurements of 
ACD and axial length in pseudophakic eyes [21]. The ACD measurement was used to 
determine the IOL real position, which is not ELP, as previously mentioned. Considering 
the postoperative measurement of refractive error and ACD, as well as the value of the 
IOL power implanted, the ELP could be calculated following a procedure previously ex-
plained and described in previous studies [4]. This parameter was designated as ELPclinical. 
It was found to be significantly higher in Group 1 compared to Group 2 during the whole 
follow-up. This was clearly related to the significantly more anterior position of the mon-
ofocal IOL from Group 1 compared to that from Group 2, as also reported in a previous 
work of our research group that studied the two types of monofocal IOLs evaluated in the 
current series [4].  
Concerning longitudinal changes during the follow-up, the spherical equivalent 
showed a small (but statistically significant) hyperopic change in Group 1, whereas no 
significant change in this parameter during the follow-up was observed in Group 2. This 
slight hyperopic change was associated with a significant reduction of postoperative ACD 
and an increase of ELPclinical. This suggests a different IOL positional behavior with the two 
monofocal IOLs evaluated. This may be related to differences in the IOL material and 
haptic design. The IOL used in Group 1 is a single-piece lens with modified L-haptics, 
whereas the IOL used in Group 2 is a single-piece lens with a four-point haptic design. 
Our results contrast with those obtained by Eom et al. [31], who compared the same two 
IOLs used in the current study and another three-plate IOL. These authors found that the 
four-plate IOL experienced significant changes in the mean ELP from 1 week to 1 month 
and from 3 to 6 months postoperatively, whereas changes of the other two IOLs were 
insignificant [31]. It should be considered that ELP was determined considering the ana-
tomical measurements obtained from the anterior segment optical coherence tomogra-
pher in a reduced sample of eyes implanted with each IOL [31]. Wirtitsch et al. [18] found 
a shift forward of single-piece and multipiece IOLs, particularly from 1 day to 1 month 
after surgery. Koeppl and colleagues [17] reported an ACD decrease in eyes implanted 
with angulated three-piece acrylic IOLs during the first postoperative week, with a small 
ACD increase during the following 6 postoperative months. Discrepancies in the postop-
erative evolution of IOL position among studies seem to be related to differences in the 
IOL material and design, as well as in the mode of defining the position of the IOL (ELP 
or ACD). In our series, it can be hypothesized that the significant increase of ELPclinical in 
Group 1 could be related to the inclusion of more “long eyes” in Group 1, with higher 
capsular bags and potentially higher IOL instability. However, no significant differences 
were found between groups in the percentage of eyes included with AXL of more than 25 
mm (6.1% vs. 3.8%, p = 0.400), suggesting a minimal or marginal contribution of this factor 
to the significant change observed in ELPclinical only in Group 1. 
Despite the statistical significance of changes in spherical error, ACD and ELPclinical in 
Group 1, no significant differences were found among groups when the variations were 
calculated and compared. Only the change in postoperative ACD over time showed a 
trend to be more negative in Group 2, but it did not reach statistical significance. This 
indicated that a slight forward movement of the IOL from Group 1 occurred, as well as a 
slight backward displacement of that from Group 2. These minimal anatomical changes 
were not significantly correlated with changes in ELPclinical. However, the correlation be-
tween changes in refraction and ELPclinical were strong and statistically significant. This 
suggests that changes in cataract surgery, in the long-term, may be related to other factors, 
not due to positional changes of the IOL. Indeed, Klijn et al. [20] stated that long-term 
changes in refraction after cataract surgery are the result of fluctuations in corneal curva-
ture rather than the consequence of an IOL position shift. In our sample, changes in spher-
ical equivalent might be due to changes in the refraction index of the IOL or in corneal 
geometry [20]. Furthermore, no consistent preoperative predictive factors of this change 
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in ELPclinical from 1 to 6 months after surgery were found, with only a very weak alt-
hough statistically significant correlation of this change with preoperative IOP and mean 
keratometry in Group 2. 
The main limitation of this study involved the limitations of the optical biometer in 
providing an exact measurement of the anatomical components of the eye post 
phacoemulsification, in which the refractive index of the intraocular media has changed. 
Another limitation is that it was not possible to compare different devices to confirm if the 
same trends were observed with other technologies. Finally, no capsular tension rings 
were used in the longest eyes from the current sample. It should be noted that a tendency 
toward higher precision in outcomes after cataract surgery, in highly myopic eyes, was 
reported when using capsular tension rings, although the implantation of these rings did 
not show a consistent effect on refractive outcomes compared with routine phacoemulsi-
fication in such eyes [32]. Despite these limitations, there are several strengths of the study, 
such as the large sample size and the prospective nature of the study, allowing for statis-
tical and consistent conclusions. 
5. Conclusions 
In conclusion, changes in refraction from 1 to 6 months after cataract surgery with 
single-piece monofocal IOLs are not related to positional instability of the IOL, and cannot 
be consistently predicted in order to be considered when performing IOL power calcula-
tions. The results of this investigation could be applied to the analyzed IOLs and possibly 
to IOLs of the same (or similar) material or design, although more research is recommend-
able in the future to confirm this. 
Author Contributions: Conceptualization, H.F. and D.P.P.; methodology, H.F., V.J.C., and D.P.P.; 
software, H.F., V.J.C., and D.P.P.; validation, H.F., V.J.C., and D.P.P.; formal analysis, H.F. and 
D.P.P.; investigation, H.F., V.J.C., S.M., and D.P.P.; resources, H.F., V.J.C., S.M., and D.P.P.; data 
curation, H.F., V.J.C., S.M., and D.P.P.; writing—original draft preparation, H.F. and D.P.P.; writ-
ing—review and editing, H.F., V.J.C., S.M., and D.P.P.; visualization, H.F., V.J.C., S.M., and D.P.P.; 
supervision, H.F., V.J.C., S.M., and D.P.P.; project administration, H.F. and D.P.P.; funding acquisi-
tion, H.F. and D.P.P. All authors have read and agreed to the published version of the manuscript. 
Funding: D.P.P. was supported by the Ministry of Economy, Industry, and Competitiveness of 
Spain, within the program Ramón y Cajal, RYC-2016-20471.  
Institutional Review Board Statement: The study was conducted according to the guidelines of the 
Declaration of Helsinki and approved by the Ethics Committee of the University of Alicante (proto-
col code BioEye; date of approval 17 October 2016). 
Informed Consent Statement: Informed consent was obtained from all subjects involved in the study. 
Data Availability Statement: Data available upon request due to privacy/ethical restrictions. 
Conflicts of Interest: The authors declare no conflict of interest. 
References 
1. Prokofyeva, E.; Wegener, A.; Zrenner, E. Cataract prevalence and prevention in Europe: A literature review. Acta Ophthalmol. 
2013, 91, 395–405. 
2. Behndig, A.; Montan, P.; Stenevi, U.; Kugelberg, M.; Lundström, M. One million cataract surgeries: Swedish National Cataract 
Register 1992–2009. J. Cataract Refract. Surg. 2011, 37, 1539–1545. 
3. Behndig, A.; Montan, P.; Stenevi, U.; Kugelberg, M.; Zetterström, C.; Lundström, M. Aiming for emmetropia after cataract sur-
gery: Swedish National Cataract Register Study. J. Cataract Refract. Surg. 2012, 38, 1181–1186. 
4. Fukumitsu, H.; Camps, V.J.; Miraflores, S.; Piñero, D.P. Could anatomical changes occurring with cataract surgery have a clin-
ically significant effect on effective intraocular lens position? Int. Ophthalmol. 2021, 41, 1895–1907. 
5. Altan, C.; Bayraktar, S.; Altan, T.; Eren, H.; Yilmaz, O.F. Anterior chamber depth, iridocorneal angle width, and intraocular 
pressure changes after uneventful phacoemulsification in eyes without glaucoma and with open iridocorneal angles. J. Cataract 
Refract. Surg. 2004, 30, 832–838. 
J. Clin. Med. 2021, 10, 3856 11 of 11 
 
 
6. Kucumen, R.B.; Yenerel, N.M.; Gorgun, E.; Kulacoglu, D.N.; Dinc, U.A.; Alimgil, M.L. Anterior segment optical coherence to-
mography measurement of anterior chamber depth and angle changes after phacoemulsification and intraocular lens implan-
tation. J. Cataract Refract. Surg. 2008, 34, 1694–1698. 
7. Uçakhan, O.O.; Ozkan, M.; Kanpolat, A. Anterior chamber parameters measured by the Pentacam CES after uneventful 
phacoemulsification in normotensive eyes. Acta Ophthalmol. 2009, 87, 544–548. 
8. Olsen, T. Sources of error in intraocular lens power calculation. J. Cataract Refract. Surg. 1992, 18, 125–129. 
9. Erickson, P. Effects of intraocular lens position errors on postoperative refractive error. J. Cataract Refract. Surg. 1990, 16, 305–
311. 
10. Hirnschall, N.; Buehren, T.; Trost, M.; Findl, O. Pilot evaluation of refractive prediction errors associated with a new method 
for ray-tracing-based intraocular lens power calculation. J. Cataract Refract. Surg. 2019, 45, 738–744. 
11. Hirnschall, N.; Farrokhi, S.; Amir-Asgari, S.; Hienert, S.; Findl, O. Intraoperative optical coherence tomography measurements 
of aphakic eyes to predict postoperative position of 2 intraocular lens designs. J. Cataract Refract. Surg. 2018, 44, 1310–1316. 
12. Norrby, S.; Bergman, R.; Hirnschall, N.; Nishi, Y.; Findl, O. Prediction of the true IOL position. Br. J. Ophthalmol. 2017, 101, 1440–
1446. 
13. Hirnschall, N.; Amir-Asgari, S.; Maedel, S.; Findl, O. Predicting the postoperative intraocular lens position using continuous 
intraoperative optical coherence tomography measurements. Invest. Ophthalmol. Vis. Sci. 2013, 54, 5196–5203. 
14. Koeppl, C.; Findl, O.; Kriechbaum, K.; Sacu, S.; Drexler, W. Change in IOL position and capsular bag size with an angulated 
intraocular lens early after cataract surgery. J. Cataract Refract. Surg. 2005, 31, 348–353. 
15. Findl, O.; Struhal, W.; Dorffner, G.; Drexler, W. Analysis of nonlinear systems to estimate intraocular lens position after cataract 
surgery. J. Cataract Refract. Surg. 2004, 30, 863–866. 
16. Petternel, V.; Menapace, R.; Findl, O.; Kiss, B.; Wirtitsch, M.; Rainer, G.; Drexler, W. Effect of optic edge design and haptic 
angulation on postoperative intraocular lens position change. J. Cataract Refract. Surg. 2004, 30, 52–57. 
17. Muzyka-Woźniak, M.; Ogar, A. Anterior chamber depth and iris and lens position before and after phacoemulsification in eyes 
with a short or long axial length. J. Cataract Refract. Surg. 2016, 42, 563–568. 
18. Wirtitsch, M.G.; Findl, O.; Menapace, R.; Kriechbaum, K.; Koeppl, C.; Buehl, W.; Drexler, W. Effect of haptic design on change 
in axial lens position after cataract surgery. J. Cataract Refract. Surg. 2004, 30, 45–51. 
19. Koeppl, C.; Findl, O.; Kriechbaum, K.; Buehl, W.; Wirtitsch, M.; Menapace, R.; Drexler, W. Postoperative change in effective lens 
position of a 3-piece acrylic intraocular lens. J. Cataract Refract. Surg. 2003, 29, 1974–1979. 
20. Klijn, S.; Sicam, V.A.D.P.; Reus, N.J. Long-term changes in intraocular lens position and corneal curvature after cataract surgery 
and their effect on refraction. J. Cataract Refract. Surg. 2016, 42, 35–43. 
21. Fukumitsu, H.; Camps, V.J.; Piñero, D.P. Intrasession repeatability of biometric measurements obtained with a low-coherence 
interferometry system in pseudophakic eyes. Curr. Eye Res. 2020, 45, 221–226. 
22. Retzlaff, J.A.; Sanders, D.R.; Kraff, M.C. Development of the SRK/T intraocular lens implant power calculation formula. J. Cat-
aract Refract. Surg. 1990, 16, 333–340. 
23. Ramji, H.; Moore, J.; Moore, C.B.; Shah, S. Can the accuracy of multifocal intraocular lens power calculation be improved to 
make patients spectacle free? Cont. Lens Anterior Eye 2016, 39, 160–166. 
24. Hoffer, K.J. IOL Power, 1st ed.; Slack Inc.: Thorofare, NJ, USA, 2011. 
25. Shammas, H.J. Intraocular Lens Power Calculations, 1st ed.; Slack Inc.: Thorofare, NJ, USA, 2003. 
26. Sahin, A.; Hamrah, P. Clinically relevant biometry. Curr. Opin. Ophthalmol. 2012, 23, 47–53. 
27. Sheard, R. Optimising biometry for best outcomes in cataract surgery. Eye Lond. 2014, 28, 118–125. 
28. Pinero, D.P. Technologies for anatomical and geometric characterization of the corneal structure and anterior segment: A re-
view. Semin. Ophthalmol. 2015, 30, 161–170. 
29. Olsen, T. Calculation of intraocular lens power: A review. Acta Ophthalmol. Scand. 2007, 85, 472–485. 
30. Norrby, S. Sources of error in intraocular lens power calculation. J. Cataract Refract. Surg. 2008, 34, 368–376. 
31. Eom, Y.; Kang, S.Y.; Song, J.S.; Kim, H.M. Comparison of the actual amount of axial movement of 3 aspheric intraocular lenses 
using anterior segment optical coherence tomography. J. Cataract Refract. Surg. 2013, 39, 1528–1533. 
32. Schild, A.M.; Rosentreter, A.; Hellmich, M.; Lappas, A.; Dinslage, S.; Dietlein, T.S. Effect of a capsular tension ring on refractive 
outcomes in eyes with high myopia. J. Cataract Refract. Surg. 2010, 36, 2087–2093. 
